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Why do we care about the atmosphere?



Our calorimeter
also the medium through which produced photons propagate

{ <+——— First interaction (usually several 10 kin high})

Ailr shower evolves (particles are created

= and most of them later stop or decay)

Mleasurement of

fluorescence light

Some of the particles
I¥’'sE
hleasurement of Cherenkov ol o (e (Fly’s Eye)

light with telescopes l,

\

Nleasurement with scintillation counters /
/ /
| E— | E— | — )
T\‘ / =z Measurement of low-energy muons
with scintillation or tracking detectors

kleasurement of particles
with tracking detectors
(with drift chambers or Measurement of high-energy
streamer or Geiger tubes) N T deep underground

() L9 K. Becnlshe



Air shower
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Atmospheric calibration critical for EAS observatories

direct data of the experiments

re-scaled data
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Why do we need to monitor the atmosphere?



Why do we need to monitor the atmosphere?




Dust storms

Biomass burning




High—altitude aerosols occur near shower maximum

Atfect EAS shape & Cherenkov yield
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Low—altitude aerosols occur near ground
Reduce Cherenkov yield
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Lower EAS trigger rates (up to 50%)

Fainter camera images — some low—E showers too faint to trigger
Biased effective area

Worsened energy resolution



Differential Photon Flux (Arbitrary Units)

Photon Index
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How can we deal with
atmospheric uncertainties?



“Correcting” IACT data
(current technique)

1. Throw away data that doesn't
pass atmosphere quality cuts;
accept ~20% systematic errors



Correcting IACT data
w/ atmospheric monitoring



Monitoring techniques

radiosonde balloons
weather stations
cloud/IR cameras

LIDARs
satellites



Correcting IACT data
w/ LIDAR monitoring

1. Measure vertical density
(optical depth)
profile of atmosphere/calorimeter
for each observation run

2. Extract extinction coefficient a

3. Compute MC simulations for
different @ to create templates

4. Match each run with an
atmospheric template

5. Enjoy improved systematics &
increased duty cycle (via
smart scheduling)

G. Vasileiadis



H.E.S.S. 2012

LABORATOIRE MONTPELLIER
UNIVERS & PARTICULES

Montpellier LIDAR on H.E.S.S. Site

installed in 2009
dual wavelength: 532 nm / 355 nm
850 m from Cherenkov telescopes in dedicated hut
inhibit mode. operated in between telescope observations
fast & efficient: atmospheric profile in <90 s



In{altitude-adjusted signal)
In(S) [km?]

355 nm: linear best fit (3-12 km): slope =
532 nm: linear best fit (3-12 km): slope =

-0.087 + 0.001
-0.118 + 0.001
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In{altitude-adjusted signal)
In(S) [km?]

355 nm: linear best fit (3-12 km): slope

532 nm: linear best fit (3-12 km): slope

-0.124 + 0.001
-0.113 + 0.001

SR e ;
e "‘! ?:.....;R -

*
: I 2?' e
+ S V
T e ..v PR o I 24 -+ v»&’ o » +
A “ L e B wt 3.~g‘
ate il et P I .’,w... st *e
' - + 0’
* - * 000
+ ot Tias vab . . ,....zs.t’¢tu
LR P P M I RER R ®
.+ I - :\{00 " . M
++ e L et
*
PO
. L
P + ““’ . PR s
. L2 a4 P - *
* + Mt

’ &

"“sow"’o

st
o’ow\. \Wow’

WL

+
P

10 15 20
altitude, r [km]

25



Cherenkov transparency coefficient
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( cherenkov telescope array

UMM

UNIVERS & PARTICULES

Raman (non—elastic) LIDAR

under development
in collaboration with IFAE/Barcelona

for CTA

dynamic range increases
1:600 — 1:10°

increased stability



Complementary monitoring via satellite?

Low spatial resolution,
some difficulty <= 2 km altitude,
but:
consistent monitoring,
large database,
good sensitivity to clouds & aerosols,
free




Not just [ACTs, Auger, also JEM-EUSO

its own suite of atmospheric monitoring instruments

Real-time global &S ' IR camera
;ﬂuu_mph:tl'lu model b b

{cloud top temperature)




R&D in previous generation of instruments —
Validation/integration in current generation of instruements —

Standard calibration in next generation of instruments

Expertise coming together for CTA (& JEM-EUSO)
namely from Auger, H.E.S.S., & MAGIC

French participation (LUPM & LPSC) quite modest
but very active & visible internationally

‘ cherenkov telescope array




Typical systematics breakdown for current—generation IACTs

Uncertainty Flux

MC Shower interactions 1%
MC Atmospheric sim. 10%
Broken pixels 5%

Live tume 1%
Selection cuts 8%
Background est. 1%

Run-by-run variability 15%
Data set variability -
Total 20%




Increased exposure
Increased sensitivity
Increased statistics

— Systematics dominated

cta

cherenkov telescope array
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AtmoHEAD  visibility

Widely announced in community

CTA, Pierre Auger, H.E.S.S., MAGIC,
VERITAS, Telescope Array, HAWC,
JEM-EUSO, JEM-Balloon, LSST

Web presence

https://indico.in2p3.fr/event/ AtmoHEAD
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ARCADE - Atmospheric Research for Climate and Astroparticle Detection
Type: Talk Session: Tuesday afternoon JJJ Track: Monitoring facilities under development

More
Presented by Mario BUSCEMI on 11 Jun 2013 at 16:45

Aerosol characteristics at VERITAS
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More
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AtmOHEAD Thematic organization
Mo

Track 1: Monitoring facilities in operation

Track 2: Simulations, modeling, & reconstruction
Track 3: Monitoring facilities under development
Track 4: Aerosols & interdisciplinary studies
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Interdisciplinary keynote
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arXiv:1403.2218 [pdf, ps, other]

Title: Early attempts at atmospheric simulations for the Cherenkov Telescope Array
Authors: Cameron B. Rulten, Sam J. Nolan for the CTA consortium

arXiv:1402.6884 [pdf, ps, other]

Title: Early attempts at active atmospheric calibration with H.E.S.S. phase 1
Authors: Sam Nolan, Cameron Rulten, Gerd Puhlhofer

arXiv:1402.5081 [pdf, ps, other]

Title: Simulations of detector arrays and the impact of atmospheric parameters
Authors: Konrad Bernlohr

arXiv:1402.3927 [pdf, ps, other]

Title: Monte Carlo simulation of multiple scattered light in the atmosphere
Authors: J. Colombi, K. Louedec

arXiv:1402.47832 [pdf, ps, other]

Title: Global atmospheric models for cosmic ray detectors
Authors: Martin Will, for the Pierre Auger Collaboration

18 proceedings published
provide excellent snapshot of state of the field in 2013



. .
AtmoHE AD Workshop series

Thematic successor to-:

AA 2003  Paris
ATMON 2008 Prague
ATMON 2010 Madison

Rebooted workshop series started:

AtmoHEAD 2013 Saclay
AtmoHEAD 2014 Padova
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MNATIOMAL OCEANIC AND ATMOSPHERIC ADMINISTRATION

S
_ﬁ@;; NO NATIONAL CLIMATIC DATA CENTER
N\

Home Climate Information Data Access Customer Support About NCDC

Quick Links HOME > DATA ACCESS > MODEL > DATASETS
Land-Based Station Global Data Assimilation System (GDAS)
Satellite Lo . .
The Global Data Assimilation System (GDAS) is the Water equivalent of accumulated snow depth @ Ground or water surface
Radar system used by the Global Forecast System (GFS) e
B Model model to place observations into a gridded model
space for the purpose of starting, or initializing,
E Datasets P purp J g

weather forecasts with observed data. GDAS adds
the following types of observations to a gridded,
NARR 3-D, model space: surface observations, balloon
data, wind profiler data, aircraft reports, buoy

CFSRER

R1/R2 _ _ _
observations, radar observations, and satellite
GDAS observations. GDAS data are available through
GEFS NOMADS as both input observations to GDAS and
GES gridded output fields from GDAS. Gridded GDAS
Dutput data can be used to start the GFS model. Waler u|'lc,|:]i\rﬂlul11 of ac curmmulated snow depth @ Ground or wa ber mlrm..? {kg.mv2)
NAM Due to the diverse nature of the assimilated data o = 168 1i8 au 263
RAP types, input data are available in a variety of data A plot of GDAS output showing the amount of water in snow covering the
] ] ) ) ground on February 1st, 2012 at 00UTC. This image was produced by
RUC formats, primarily Binary Universal Form for the visualizing GDAS output data with NASA's Panoply visualization tool.
‘ REpFESEhtatiDh of metenrolngical data {BUFR} and
CM2.X Institute of Electrical and Electronics Engineers

' CMIPS (IEEE) binary. The GDAS output is World Meteorological Organization (WMO) Gridded Binary (GRIB).



LIDAR SPECIFICATIONS

Elastic Lidar

Biaxial/Coaxial Configuration .

Quantel Brillant 30 |
= 355 nm sy
= 53Z2nm & &

10Hz HESSDAG
3.4W

60 cm mirror

f1.4

Cassegrain telescope

PMTs readout

Zenith-3° pointing fixed

“Hycralye Brakes/Molor—— —_
Lasar Triggar

Fully automated

Shift mode
Standalone mode G. Vasileiadis




